Background: It is unclear whether subcomponents of physical activity (PA) are associated with adiposity independent of time spent while sedentary. Objective: The objective was to examine associations between objectively measured PA and its subcomponents [ie, time spent at light-intensity PA, moderate-intensity PA (MPA), vigorous-intensity PA (VPA), and moderate-plus-vigorous-intensity PA (MVPA)], independent of sedentary time, and self-reported leisure screen time (television and electronic game use) with indexes of adiposity in a population-based sample of British children. Design: A cross-sectional study was conducted in 1862 UK children aged 9-10 y. PA and sedentary activity were measured by accelerometry, and indicators of adiposity were waist circumference, body mass index (BMI), and fat mass index calculated from bioimpedance measurements. Screen time was assessed by selfreport. We examined the associations between PA subcomponents and adiposity by multilevel linear models adjusted for birth weight, maternal BMI, energy intake, and sleep duration. Results: Objectively measured sedentary time was positively associated with waist circumference (P = 0.04) and fat mass index (P = 0.05), independent of age and sex. However, this association was attenuated after adjustment for MVPA and other covariates. VPA (all P , 0.0001), combined MVPA (all P , 0.01), and total activity (counts/min) (all P , 0.001) were all inversely associated with each of the adiposity indexes, independent of sedentary time and other important covariates. Associations were weaker for MPA: P = 0.05, 0.87, and 0.1 for waist circumference, BMI, and fat mass index, respectively. Conclusions: Time spent in VPA appears to be more strongly associated with adiposity than sedentary time. Interventions may therefore need to incorporate higher intensity-based activities to curb the growing obesity epidemic.
INTRODUCTION
The increasing prevalence of overweight and obesity in children and adolescents is a major public health concern (1, 2). Obesity is a strong predictor of morbidity, with central obesity associated with insulin resistance, dyslipidemia, and hypertension-all independent risk factors for cardiovascular disease and features of the metabolic syndrome (3, 4) . The specific causes of overweight and obesity are varied and complex but, at a population level, are consistent with sustained positive energy balance. A sedentary lifestyle and low levels of physical activity (PA) participation have therefore been implicated in this trend.
Previous studies using objective methods for assessing PA have shown inverse associations or no association between total PA and various markers of obesity in youth (5, 6) , without taking into account the differential effect of PA subcomponents (ie, time spent at different intensity levels, including light, moderate, and vigorous intensities). A few recent studies have reported lower body fat being significantly associated with vigorous-intensity PA (VPA), but not moderate-intensity PA (MPA) in adolescents (7) ; similar results were shown in children (8) (9) (10) (11) . However, these studies have not addressed whether subcomponents of PA are associated with adiposity independent of time spent sedentary. Furthermore, childhood obesity is influenced by a multitude of social, environmental, and physical variables. Many studies have not adjusted for important covariates such as energy intake, birth weight, sleep duration, and parental obesity, which are emerging as important determinants of adiposity in youth (12) (13) (14) (15) . Any consideration of the complex interrelations between PA and adiposity would be strengthened by quantifying and adjusting for their potential effects.
Current recommendations for children suggest participation in 60 min/d of MPA (16) , with sedentary leisure time such as television (TV) viewing and screen-time use (computer and/or video games) limited to 2 h/d (17) . Unfortunately, despite acknowledgment of the physiologic differences between activity and sedentary behavior and increasing interest in the physio-logic, medical, and public health effects of too much sedentary time (18) , few studies have examined the independent effect of overall sedentary time, screen time, and increased nonexercise activity (ie, light activity) with adiposity.
A better understanding of the relations between PA components, sedentary behavior, and overall adiposity will aid the development of interventions to encourage healthy lifestyles in children. We aimed to examine the independent associations between subcomponents of objectively measured habitual PA (ie, time spent sedentary and at light, moderate, and vigorous intensities) and the self-reported amount of leisure screen time (TV and electronic game use) with various indexes of adiposity in a population-based sample of 9-and 10-y-old British schoolchildren.
SUBJECTS AND METHODS

Participants
Year 5 children (n = 2064) were recruited from 92 rural and urban schools in Norfolk, United Kingdom, as part of the SPEEDY (Sport, Physical Activity and Eating behavior, Environmental Determinants in Young people) study. Data were collected through primary schools during the 12-wk summer term of 2007 (April to July). Study design, sampling procedures, selection criteria, participation rates, and the data collection procedures were reported elsewhere (19) . The University of East Anglia local research ethics committee approved the study, and written consent was obtained from the children's parent or legal guardian.
Physical activity
Free-living PA was assessed with the Actigraph activity monitor (GT1M; Actigraph LLC, Pensacola, FL; http://www. theactigraph.com) over 1 wk, with a recording epoch of 5-s intervals. Participants were instructed to wear the monitor on an elastic waist band on the right hip during day time, except during bathing and other aquatic activities. Participants who did not manage to record 500 min/d of activity for 3 d were excluded from further analyses. Zero-activity periods of 10 min were interpreted as "not worn time," and these periods were removed from the summation of activity. A special written program (MAHUffe; www.mrc-epid.cam.ac.uk) was used for data cleaning, reduction, and further analyses. The outcome variables were time (min/d) spent at different activity-intensity categories averaged per day over the measurement period and total daily activity counts (counts/min)-an indicator of overall PA intensity. Intensity thresholds were defined as follows: sedentary, ,100 counts/min; light-intensity PA (LPA), between 101 and 1999 counts/min; MPA, 2000-3999 counts/min; and VPA, .4000 counts/min. Our lower limit for the MPA threshold corresponds to a walking pace of '3-4 km/h in children (20) and was previously used in this age group to study associations between PA intensity and adiposity (11) . Finally, we combined MPA and VPA into one single variable: moderate-plus-vigorousintensity PA (MVPA).
A total of 2030 (98%) children returned accelerometers after the measurement period, 45 children were excluded because of lost or faulty monitors. An additional 151 children did not provide 3 d of valid data. No differences were observed between children with and without valid data for BMI, overweight status, or parental education.
Anthropometric and body-composition measures
Simple noninvasive anthropometric measures were undertaken by trained staff following standardized procedures. Portable Leicester height measures (Seca, Hamburg, Germany) were used to assess height to the nearest millimeter. Waist circumference (WC) was measured twice to the nearest millimeter at the midpoint between the lower costal margin and the level of the anterior superior iliac crests by using a calibrated measuring tape (Seca, Birmingham, United Kingdom). A third measurement was taken if a discrepancy of 3 cm was observed and an average was calculated; a 0.5-cm correction was applied to account for clothing (21) . A nonsegmental bioimpedance scale (type TBF-300A; Tanita, Tokyo, Japan) was used to measure weight (to the nearest 0.1 kg) and impedance. Body fat percentage, fat mass (FM), and fat-free mass (FFM) were calculated from the impedance value (22) . A fat mass index (FMI) was calculated as FM (in kg) divided by height squared. This measure has been used parallel to BMI, because it provides additional information about body compartmental FM, regardless of stature, and is expressed in units common to BMI (23) . Obesity status was determined by using sex-and age-specific cutoffs previously published by Cole et al (24) .
Screen time
Screen time during leisure time was assessed with a self-report child questionnaire-the Youth Physical Activity Questionnaire (25) , which is based on the Children's Leisure Activities Study Survey (CLASS) (26) . Children were asked to report their frequency and duration of sedentary leisure-based activity (ie, electronic games, computer, Internet, and TV use) over the past 7 d. They were required to record how many days they performed the activity (never, 1 d, 2-3 d, or 3 d) and report the duration in hours and minutes in response to "on the days you did this (e.g. played computer games) how long did you normally do it for?" The screen-time variable (total screen time) was then derived by multiplying the duration by the frequency, recorded in minutes per day.
Covariates
The SPEEDY study also collected information on many other important variables, which were used in the analyses to control for variation in these covariates. Data on maternal BMI (calculated from self-reported height and weight), child's birth weight (n for boys = 741 and girls = 955), and highest educational qualifications (in categories) were collected with a selfadministered parental questionnaire. Average sleep duration was derived from the child's self-reported bedtime and wake time for school days and weekends, with the mean recorded as average sleep duration in hours. Children, with assistance from their parents, were asked to record everything they ate and drank over a 4-d period in a food and drink diary. For each item recorded the children were asked to provide information on what they consumed with an estimated portion size; the estimated weights of portions were then calculated by using published values (27) .
Mean nutritional intakes were estimated by using the WISP nutritional analysis software version 3.0 (Tinuviel Software, Warrington, United Kingdom).
Statistical analysis
Statistical analyses were carried out by using STATA version 9 software (StataCorp, College Station, TX). All outcome variables were first assessed for normality. FMI was logarithmically transformed (log) because of its skewed distribution. Sex differences for continuous data were analyzed by analysis of variance, and a chi-square test was used for categorical data. Ageand sex-adjusted correlations between self-reported screen time with adiposity and objectively measured sedentary time were assessed. Multilevel linear regression models were used to examine the independent associations between total PA and PA subcomponents (time spent sedentary or in LPA, MPA, and VPA) with adiposity indicators (WC, FMI, and BMI). Our primary model (model 1) was adjusted for age and sex with school as a random effect. The second model (model 2) was additionally adjusted for parental socioeconomic status, birth weight, maternal BMI, sleep duration, height, and energy intake. Height was excluded from the models in which FMI and BMI were modeled as outcomes. As a result of missing data, the sample size for model 2 was lower; however, we also ran the analysis as adjusted per model 1 using the sample from model 2 and found no differences in the reported direction and magnitude of the regression coefficients (data not shown). In model 3 we additionally adjusted for objectively measured sedentary time (min/d) to examine whether the associations with time spent at LPA, MPA, and VPA were independent of time spent sedentary. We assessed for multicolinearity by calculating correlation coefficients between the different subcomponents of activity and the variance inflation factor. Correlations between sedentary time and PA intensity (LPA, MPA, and MVPA) were r 0.51, and the variance inflation factor was ,4. Standardized z scores were also calculated for each PA measure, and linear regression analyses were conducted to examine the associations between these standardized measures of PA with each of the adiposity indexes.
Logistic regression was used to examine the odds of being overweight or obese by quartiles of MVPA and by current PA and screen-time recommendations. All regression models were tested for sex interactions (sex · PA exposure). Overall there were no significant sex interactions (all P values . 0.1); therefore, the results are presented with boys and girls combined. Only the basic model adjusted for age and sex is shown, the fully adjusted model yielded similar results. Statistical significance was accepted at a level of P , 0.05.
RESULTS
Descriptive statistics for demographic and physical characteristics are shown in Table 1 . Overall, 23% of children were classified as overweight or obese. Slightly more girls than boys (P , 0.05) were overweight. Sixty-nine percent of children, including significantly more boys than girls, met current recommendations for PA participation, defined as the accumulation of 60 min MVPA/d. Fifty-eight percent met guidelines for screen-time use of 2 h/d, with more girls meeting this recommendation. Approximately 14% of children did not meet recommendations for combined activity and screen time, 40% achieved the combined recommendation, and 46% only met one recommendation. Overall, girls were significantly less active than boys and had a higher FM, body fat, and BMI. Selfreported screen time was not correlated with adiposity (r = 20.006 and P = 0.78 for WC, r = 20.007 and P = 0.75 for FMI, and r = 20.21 and P = 0.36 for BMI) and was only weakly positively correlated with objectively measured sedentary time (r = 0.06, P = 0.013).
Associations between total PA and PA subcomponents with obesity indicators are shown in Table 2 . Objectively measured sedentary time was positively associated with WC and FMI but not with BMI, independent of age and sex. However, these associations were attenuated and no longer significant after further adjustment for covariates and time spent in MVPA. LPA was weakly and positively associated with all obesity markers, but the only statistically significant association was observed with BMI. MPA was inversely associated with WC and FMI even after adjustment for covariates. After adjustment for sedentary time, the association between MPA and WC was attenuated (P = 0.05), and the association with FMI was no longer statistically significant. VPA, combined MVPA, and total activity (count/ min) were all inversely associated with each of the adiposity indexes, independent of covariates, and remained significant after further adjustment for objectively measured sedentary time. Adiposity measures of FMI and WC stratified by quartiles of VPA adjusted for age, sex, socioeconomic status, birth weight, maternal BMI, and sleep duration (and height where WC is the outcome) are shown in Figure 1 . A significant trend was observed (P for trend , 0.001), with those in the least active quartile for VPA showing the highest levels of FMI and WC.
We also reran the series of regression models analysis using volunteers with 3 valid days, including at least one weekend day (n = 1679); again we found no differences in the reported direction and magnitude of the regression coefficients (data not shown).
Standardized regression coefficients for the associations between subcomponents of PA with the adiposity indexes are shown in Table 3 . As determined by the standardized regression co-efficients, the magnitude of the association between activity subcomponents and adiposity indexes increased with higher intensity levels; and was greatest for VPA. There was limited evidence of an association between MPA and WC (P = 0.05), but none for an association with FMI or BMI. After MVPA was adjusted for, there was no association between objectively measured sedentary time and adiposity.
Adjusted odds ratios for associations between meeting PA recommendations (model 1), meeting screen-time recommendations (model 2), and meeting both PA and screen-time recommendations (model 3) and weight category are shown in Table 4 . Children who accumulated 60 min/d of MPA were 34% less likely to be overweight/obese than were those not meeting recommendations. In contrast, there was no difference in the likelihood of being categorized as overweight or obese between those who met the recommendation of 2 h/d of screen time and those who did not meet this recommendation. We thereafter compared children categorized as not meeting either recommendation with those who met both PA and screen time recommendations. Children who met both screen-time and PA recommendations were 31% less likely to be overweight or obese than were children meeting neither recommendation (P = 0.028), although after adjustment for covariates this association was attenuated (P = 0.059) (data not shown). Odds ratios for being categorized as overweight or obese by quartiles of MVPA for overweight and obesity are shown in Figure 2 .
DISCUSSION
In this cross-sectional study we found inverse associations between time spent in PA (MPA, VPA, and total PA) and measures of adiposity (WC, FMI, and BMI) in children, independent of objectively measured sedentary time, with a stronger association observed for participation in VPA. These associations were also independent of other potentially important covariates (ie, energy intake, sleep duration, birth weight, socioeconomic status, and maternal BMI). The positive associations between sedentary time with WC and FMI diminished after MVPA was controlled for, which suggests that higher VPA may be more influential than lower sedentary time in relation to childhood obesity. Furthermore, when examining the public health recommendations concerning screen time and PA and risk of overweight and obesity, more active children were less likely to be overweight or obese, but greater screen-time use alone did not significantly increase the odds of being overweight/obese.
Despite the plethora of literature on the associations between PA and adiposity, it remains debatable whether the intensity of activity influences body composition. Using dual-energy X-ray absorptiometry to more precisely measure adiposity, Gutin et al (7) reported that a lower percentage body fat was associated with larger volumes of VPA but not with MPA in 425 children aged 9-10 y. In 780 children aged 9-10 y from Sweden, Ruiz et al (8) also reported that VPA but not MPA was associated with adiposity, whereas another study in 1292 European children aged 9-10 y also showed VPA to be significantly associated with adiposity, as measured by the sum of skinfold thickness (11) . Our data extend these previous findings, which suggest that higher-intensity PA is more strongly associated with lower adiposity, irrespective of time spent sedentary (Table 3 ). For example, 6.5 min of vigorous intensity activity daily (1 SD) was associated with a difference in WC of '1.32 cm, whereas 13.6 min of time spent in MPA was associated with a more modest 0.49-cm difference in WC.
Displacement theory suggests that time spent watching TV and playing electronic games reduces the time allocated to PA. However, the degree to which sedentary behavior prohibits time spent active remains unknown. Some studies report negative associations between PA and TV viewing (28, 29) , whereas others, including longitudinal studies, have reported that TV viewing is largely unrelated to time spent in PA (30, 31) . Marshall et al (31) reported that, despite finding a positive relation between TV viewing and body fatness, the association was too small to be clinically meaningful. Furthermore, a recent review suggests that electronic game and computer use have a limited effect on obesity (32) . Others have also reported no cross-sectional associations between objectively measured sedentary time (11, 33) and screen time (34, 35) with adiposity. In accordance, our data suggest that focusing on leisure-based screen time irrespective of activity may not be sufficient to curb childhood obesity. First, we found no correlation between self-reported screen time and adiposity. Second, although less-active children were more likely to be overweight, increased screen time did not significantly increase these odds in this study if children were already meeting the MVPA recommendation of 60 min/d. Third, once we controlled for energy intake and MVPA in our multilevel linear regression analyses, we found that objectively measured sedentary time was not significantly associated with any indicator of adiposity.
Nevertheless, although our observations were independent of sedentary time, evidence of the co-occurrence of low levels of activity and high levels of screen time (eg, reference 36), suggests that strategies targeting both may be necessary. Only 40% of the children in this study met the combined recommendation for MVPA and screen time. Given other emerging negative sequelae of excessive screen time, such as violence and aggressive behavior, poor academic performance and poor body image (17) , it seems sensible that intervention studies also look to target reducing screen-based leisure time, even though this may not necessarily directly affect PA or adiposity (eg, 37).
Unlike previous studies (33, 38) , we found no interaction by sex in these analyses. Our data suggest that the differences in the magnitude of the associations observed across boys and girls may not be present in this age group. Therefore, any public health strategies are likely to be equally applicable to boys and girls of this age group.
The present study had several limitations. Because of the cross-sectional design of the study, it was not possible to infer causality or specify the direction of the effect. Although we controlled for several covariates, there may be residual confounding by other variables, such as genetic variation, dietary composition (ie, fat intake), and sociocultural factors, which may explain our findings, at least in part. However, reanalyzing our data using dietary fat intake (as a percentage of total energy) as a covariate did not yield differences in the magnitude of the effect relative to controlling for total energy intake (data not shown).
Leisure-based screen time was measured with a self-reported questionnaire; participants were asked about their average duration and frequency of use. The Youth Physical Activity Questionnaire was previously shown reasonable validity and reliability for time spent in MVPA and PA energy expenditure (25) ; however, it is difficult to assess the validity of these selfreports, and we found that self-reported screen time was unrelated to adiposity and only very weakly associated with objectively measured sedentary time. The limitations of accelerometry should also be considered. For example, accelerometers do not accurately reflect activity associated with bicycling, contact sports (accelerometers are usually not worn in this situation), and swimming, or the intensity of activities such as walking up a hill and upper body movement. However, objective measurement of PA reduces the error and bias commonly associated with selfreported measures. This measure has been extensively validated, both in the laboratory and during free-living conditions (39) . The use of leg-to-leg bioimpedance analysis (BIA) has been tested in various populations in the laboratory showing good reliability and validity (40) (41) (42) and has also been identified as a suitable alternative to skinfold-thickness measurements in the field setting (43) . However, it should be noted that, because of the logistics of testing a large sample size of children, our BIA measurements were conducted throughout the whole school day (ie, not at a uniform time) and the children had not fasted. Therefore, limitations related to BIA, such as hydration status, recent exercise, and meal intake should be considered when interpreting the results of this study (44) . Some strengths of the study should be noted. For instance, we were able to measure body composition using BIA. This measure is more feasible for the assessment of body fat in larger sample sizes than are other more accurate but more costly measures of adiposity, such as dual-energy X-ray absorptiometry, and is more precise than the use of BMI alone. Unlike other studies, we examined associations between PA and adiposity independently of time spent sedentary with various indexes of obesity and the overall effect of PA and screen-time recommendations using odds ratios. We were also able to additionally control for many potentially important covariates, such as sleep duration, birth weight, maternal obesity, and energy intake in a relatively large population-based sample of British children aged 9-10 y.
In summary, more vigorous intensities of activity are associated with adiposity, independent of time spent sedentary and other important covariates, and appear to influence adiposity to a greater degree than sedentary time in children aged 9-10 y. Advice from healthprofessionals,individual-levelinterventions,andpopulationbased strategies may need to incorporate higher intensity-based activities to help curb the growing obesity epidemic. Future work may focus on studying what behaviors contribute most to the amount of VPA performed by children and what demographic and modifiable variables are associated with VPA.
